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INTRODUCTION 



Details o! floral anatomy are presented as part of a series of anatomic 
studies on Chrijsothamnus. Although morphological valuation in these shrubs 
ol western North America is great enough to warrant the taxonomic designa- 

C T 

lion “difficult genus, ’ relatively little has been written on the anatomy of 

■ 

U Imjsothamnus , particularly its floral anatomy. 

Snow (l!M i reported details of floral anatomy for one population of C. 
nauscosus. Recently, some features of floral anatomy of C. vasryi (Anderson, 
19(i,5) and (’. holandrri (Anderson and Reveal. were considered in rela- 

tion to other problems. A paper on embryology (Anderson) is in press. 

Species studied are arranged phylogenetically and by sections: 

Nauseas i : ( . parryi (Gray) Greene, C. nauseosus (Pallas) Britt.; 
Chrysoihamnus (Typici): ('. linijolius Greene, C. spalhulatus L. C. Anders.. 
C. alhidus (Jones) Greene, (’. cjreenci (Gray) Greene, C. viscidiflorus 
(Hook.) Nutt., C. humilis Greene; 

Pul chvlli : ('. vasryi (Gray) Greene, moleslus (Blake) L. C. Anders., C. 

depressus Nutt., ('. pulchcllus (Gray) Greene; 

P unci at i: C. iere 





'us (Dur. & Hilg.) Hall, C. paniculatus (Gray) 

This presentation differs from that of Hall and Clements (1923). Chrysatham 
vus yra in incus has been transferred to Pclradoria (Anderson, 1963) and C 



pyramidal us, to Ilnplopappus (Blake, 1926). (hrysot hainnus vasryi is placed 
in a different section. New species include (’. violrstus and ('. 




us: 



(-. linijolius and ( . humilis again are recognized as distinct species. Two now 
combinations are made: C. PARRYI (GRAY) GREENE SSP. affinis (A. 
NEBS.) I,. C. ANDERS.. COMB. NOV. | based on C. affinis Nels., Bot. Gaz. 



28:374, 




and C. 



i 1 1 




OSUS (PAULAS) BRITT. SSP 




(BLAKE) L. C. ANDERS., COMB. NOV. | based on C. nauscosus var. 
carpiis Blake, J. Wash. Acad. Sci. 27: 376, 19371. IJndescribed taxa are en- 



tered in tables parenthetically under the taxon they most closely resemble. 
Species ol I wo sections of Ihijriopappus ( M cicvoyic tuci and Kricaineviu) are 
included for comparison. Relevance of the two sections has been discussed 
previously (Anderson, 1966; Anderson and Reveal, 






S AND MATERIALS 
h resh materials were generally fixed in formalin-proprionie-aleohol; those 



used in developmental studies, in Craf V (Sass 




Dried heads were 
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treated in 2.5% NaOH to revive cell shape and size, then processed as the 
fixed materials. Infiltration, embedding, and sectioning in paraplast followed 
dehydration through a graded tertiary butyl alcohol series. 

Heads with considerable selerenchyma were softened in hydrofluoric acid 
before being dehydrated. That was particularly useful with more mature 
heads; otherwise, dehydration and infiltration frequently caused the achenes 
to dehisce. 

Sections were normally made at 12 ( , but were cut thinner for developmental 
series. Staining with safranin was first mordanted with tannic acid followed 
by ferric chloride (Sass, 1958). Counterstains were either fast green FCF or 
fast green followed by orange G. Whole flowers were cleared in 2.5% NaOH. 
dehydrated in a graded ethyl alcohol series, stained in safranin, then trans- 
ferred to xylene and mounted in permount. 

Flowering heads of over 170 populations were used in general studies. 
Heads from some 50 additional populations were used to confirm distribution 
of specific features. At least two populations were studied intensively for each 
taxon. Voucher specimens are in the Kansas Stale University herbarium un- 
less otherwise indicated; personal collections are indicated by A. Utah State 
University and Rancho Santa Ana Botanic Garden provided garden space, 
w hich was deeply appreciated. Mr. Kent Fish prepared many of the slides. 



DEVELOPMENTAL ANATOMY 

Snow’s study (1945) on a population referrable to C. nauseosus ssp. albi- 
caulis included details of ontogenetic development of floral parts. Her ob- 
servations are largely applicable to the entire genus; therefore, only features 
that are new or different arc discussd in detail here. 

In most species of Chrysothcimnus, floral organs are initiated in the fol- 
lowing sequence: corolla, stamens, pappus, and pistil as figured by Snow 
(1945). In C. pulchellus, the floral primordia differentiate through the se- 
quence of corolla, pappus, stamens, and pistil (Figs. 1-4). The developing 
primordial lobes of the pappus attain considerable size before the stamens 
are initiated (Fig. 2). 

Precocious development of the pappus is reflected in the mature flower, 
where the corolla at anthesis is overtopped and often hidden by the copious 
pappus bristles. That condition may result partially from a slower growth 
rate in the corolla of that species than in other taxa in the genus. In C. pul- 
chellus, the involucre is half its mature length when flower primordia de- 
velop, as in Fig. 1. The involucre is nearly full size at time of meiosis. That 
differential growth rate is less noticeable in C. depressus, whereas in other 
species the developmental rates of involucre and flowers more closely paral- 
lel. In fact, in several subspecies of C. viscidiflorus the involucral bracts 
barely surpass flower length at meiosis. 

Other species with the C. pulchellus pattern of floral ontogeny are C. de- 
pressus, C. molestus, and C. vaseyi (all of section Pulchelli). In them, pappus 



development commences just before the stamens, and the pappus does not 
overtop the corolla in mature flowers. 



VASCULAR ANATOMY 




re 



In most taxa of C. parryi , three vascular traces enter each bract (Fig. 5); 
however, C. p. ssp. parryi , ('. p. ssp. nevadensis, and C. p. ssp. as per fre- 
quently have five bundles in the larger (outer) bracts. Lateral traces usually 
extend half of the length of the phyllaries in C. parryi ; in all other species of 
the genus the lateral traces terminate at the base of each phyllary. All bracts 
of C. nauseas us ssp. albican! is and C. n. ssp. graveolens have three traces; 
other subspecies have three in the outer bracts and one trace in each 
two or three innermost bracts of the head (3/1 pattern). 





In section Clirus 




s, C. 






C. greenei have 

primarily the three trace per bract pattern, whereas U. spathulatus has the 
3/1 pattern. Heads of (’. viscidiflorus vary considerably with (’. v. ssp. viscid- 



i floras, C. v. ssp. lanceolatus, and ('. v. ssp. planifoUus principally having the 
3 pattern and other subspecies having the 3/1 pattern. However, some popu- 
lations of C. v. ssp. stenophyllus have only one trace per bract. 

In section Pulchelli , C. vaseyi ranges from the 3 to the 3/1 pattern; C. mo- 
lest us has only the 3/1 pattern, whereas C. depressus has the 3/1 or 1 pat- 
tern. Possible trends for both expansion and reduction of vascular supply are 



present in C 




where several populations have the 3 pattern (Fig. 



6 ), 




a few have five traces in the outer bracts. Others have 3/1 and one 



population has the I pattern. 

Both C. paniculatus (Fig. 7) and C. teretifolius of section Punctati have 
the 3/1 pattern. 

Haplopappus macronema , II. bloomeri, and II. ophitidas of section Macro- 
nema have three traces per bract; the lateral traces extend up into the 
bracts. In Ericameria, bracts of H. propinquus have the 3 pattern, whereas 
II. sonoriensis and II. trianthus have the 3/1 pattern, and II. pyramidal us 

has one trace per bract. 




Flower 

Venation in flowers of Chrysolhamnus is relatively advanced for the Com- 
ae. The flower vasculature is derived from the stem as a single bundle. 
That bundle divides in the base of the achene to first supply the dorsal ovari- 
an bundles, then the laterals, and finally the ventral ovarian bundles. Ovarian 
bundles range from ten to as few as five. The single ovular trace is a con- 
tinuation of the vascular supply from the receptacle. In each instance the 
ovule’s vascular supply differed somewhat from Snow’s figures (1945). The 
disc flowers generally have five veins in the corolla, two in the stvle, and one 

f * ' mJ 

in each stamen. 

The transition from ovarian traces to those of the corolla, stamens, and 
style can be categorized in five major patterns (Fig. K. a-e). Observed fre- 
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quencies of these basic patterns are listed in Table 1. Vascular pattern A 
has 10 traces in the achene. At the top of the achene the ventral bundle 
(nearest the axis of the capitulum) and one dorsally positioned each divide 
to supply a vascular bundle to the style. Those same bundles accompanied 
by three other ovarian bundles produce the staminal traces before continu- 
ing on into the corolla base. The five additional ovarian bundles end blindly 
at the top of the achene. In most taxa the stylar trace from the ventral ovari- 
an bundle (no. 1 in Fig. 8, a-e) diverges before the one from the dorsal ovari- 
an bundle: however in C. linifolius the ventral (adaxial) stylar trace diverges 
much later. Pattern B also has 10 traces in the achene but differs in that a 
dorsal ovarian vein terminates as a stylar bundle and does not enter the 
corolla. 

Patterns C and D have a reduction in ovarian trace number witli nine to 
six bundles present in the achene (arbitrarily illustrated as seven in Fig. 8, 
c-d). In pattern C the dorsal style bundle is associated with a corolla bundle; 
in D it is not. There is no set pattern regarding which bundles will enter the 
corolla and which will end blindly at the top of the achene. In flowers with 
only one extra bundle in the achene, it is usually one on either side of the 
ventral bundle that ends blindly. 

Pattern E, the reduced type, is the one described by Snow (1945). There 
are only five ovarian bundles so none ends blindly at the top of the achene 
(see Fig. 24). Bundle no. 3 or 4 may supply the dorsal stylar bundle. The 1-3 
pattern of stylar vasculature is more frequent, but both patterns may exist 
in the same head. In addition, two basic patterns, such as C and E or C and 
D, can be in different flowers of the same head. 

Hall and Clements (1923) state: “Two very unlike types of achenes are en- 

W 

countered in the genus.” One is “obscurely 5-angled or terete and 5-nerved 
the other form which occurs only in C. vaseyi and C. gramineus ... is 
distinctly 10-striate.” Actually, there are 5-10 vascular bundles in C. vaseyi 
achenes (Table 1) and only 5 in C. gramineus (= Petradoria discoidea; An- 
derson. 1963). Several of the other Chrysothamnus species have more than 
5 bundles. 

Vascular patterns in some Haplopappus species are also listed in Table 1. 
A greatly reduced pattern characterizes II. pyramidatus. Only two ovarian 
bundles are present. The ventral bundle supplies three traces to the corolla 
and its associated stamens and one to the style, and the dorsal bundle sup- 
plies the other two to the corolla and stamens and one to the style. 

Several interesting features are found in the “transition region” at the top 
of the achene where the ovarian bundles supply the vasculature to the co- 
rolla, androecium, and style. In nearly all populations the individual ovarian 
bundles remain distinct and either end blindly or pass into the corolla or 
style. However, in a few populations representing all species, the ovarian 
traces fuse at the top of the achene to form a ring of vascular tissue. The 
coalescence of vascular traces, when present, usually occurs before depart- 
ure of style bundles; but in C. pulchellus the ring is 
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and staminal traces have departed. Vascular ringing is never so developed 
that it precludes identification of the basic pattern. In some cases the vas- 
cular ring is formed only by the phloem with the xylem strands remaining 
distinct. 

Another departure from the standard vascular patterns is the presence o 
Iwo additional stylar traces (Fig. 9). They are supplied by lateral ovarian 
bundles at right angles to the usual dorsal-ventral style traces. The greales! 



development consists ol four traces present up to the style branches with 



r 



just a single trace entering each branch. Two samples of C. parryi ssp 



parryi and one each of C. p. ssp. ; 







attcmiaius (/l 17S2) and C. Unifulius 



ha\(' this extensive stylar vasvulalmv. Additional style traces, when present, 
usually terminate at the base of the style or even at the top of the ovary. 
I hat condition was found in four subspecies of (\ parryi and in one sample 
of each of the following: C. nauseosus ssp. aUricaidis, C. depressus, II. ma- 
cromnnci, and II, bloomcri. Additional style traces ending in the ovary and 
represented only by phloem were found in one sample of each of the follow- 
ing: (. parryi ssp. cispcv , (\ p. ssp. aUenucitus, (\ vauseosus ssp. bernardi 



nus , C. vise 




urns ssp. lanceolatus , and C. v. ssp. viscidiflnrus. 



Pappus in ('hrysothamnus does not contain vasculature. Traces diveret'd 
toward the base of pappus bristles were' observed only in one population of 
C. parryi ssp. vulcanicus (Fig. ,‘52). 

Ka\ flowers, long considered foreign to Chrysotiunnnus, arc present only 

in two populations of (’. spathuhiius (Fig. 11). They are found in nearly every 

* *. * T 

head on plants from canyons of Guadalupe Mountain, Culberson County. 



Texas (the southern-most point of the species). Plants from the Jicarilla 
Mountains in Lincoln County. Now Mexico, represent the northern-most pop- 
ulation of the species; those only occasionally have ray flowers. In both cases 
rays are no larger than the disc flowers and have a long tube and narrow, 

for these inconspicuous 




often involute limb. The commonest 
flowers is six ovarian bundles and four in the corolla with two in the style 

m r 

(diagrammatic-ally represented in Fig. 8. f). In one case tin- adaxiai vein of 
the corolla tube divided at the sinus to form the two laterals of the five-veined 
limb. Four veins were found in the tube (Fig. 11) and limb of all other sam- 
ples. The androocium was lacking in all ray flowers 







,OGY 



Involucre 



Phyllaries arc not treated in great detail because they are similar to the 
leaves and share many features with the vegetative anatomy of the plants 
(subject of a luturo paper). The most notable difference anatomically is iho 
extensive development of sclerenchyma in the phyllaries. 

The involucral bracts were studied at three levels: 1.) At a short distance 
below the tip of the bract, the tissue composition near the midrib usually has 

n ■ 

one or two rows of parenchyma adjacent to the adaxiai epidermis, followed 
by two or three rows of sclerenchyma, and two or 




•ee rows of 
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parenchyma next to the abaxial epidermis. This palisade is responsible for 
the “sub-apical green spot” of the bract (outermost bract in Fig. 6). Inner 
bracts of the involucre lack this chlorenchyma. Some samples lack rows of 
sclerenchyma but have islands of a few fibers scattered abaxially in the 
bract tip. 2.) Midway down the length of the bract, tissues contain from three 
to six rows of sclerenchyma next to the outer epidermis. 3.) The bract varies 
most near its base. In C. parryi the “mesophyll” is 10-18 cells thick and en- 
tirely parenchymatous (Fig. 5). At the other extreme the bract is thinner 
and less leaf-like, having three rows of adaxial parenchyma and eight rows 
of abaxial sclerenchyma; this pattern is found in C. paniculatus. 

Percentage of sclerenchyma to total mesophyll (averaged from the three 
levels) is from 40-00% for most taxa. The least sclerenchyma is found in C. 
parryi ssp. parryi (16%); most subspecies of C'. parryi have 25-45% scleren- 
chyma. Greatest development of sclerenchyma is in section Punctati. Chry- 

mJ A 

sothamnus paniculatus has 08% and C. teretifolius, 74%; in the latter the 
large-celled adaxial parenchyma have thick walls from secondary sclerosis. 

Large secretory canals are usually found abaxially in the midrib of each 
bract (Figs. 5-7). The lateral bract bundles also have secretory canals as- 
sociated with them in the following: C. parryi ssp. parryi, C. p. ssp. asper, C. 
p. ssp. nevadensis, C. p. ssp. vulcanicus, and occasionally in C. linifolius. A 
reduction of secretory apparatus is found in C. paniculatus , C. tcretifolius, 
and a few subspecies of C. nauseosus and C. vis ci 




•us. In the first, the 

tips of the outer bracts lack secretory canals; in the remaining taxa men- 
tioned the canals are absent from the basal portions of the inner bracts. 

Trichomes arc abundant on developing bracts (Figs. 1-2), and nearly all 
taxa have some at maturity. Glandular trichomes are present on most taxa; 
they are usually on the adaxial surface of the bract, but in section Punctati 
they are abaxially located (Fig. 7). Section Pidchelli is characterized by hav- 
ing short, stiff nonglandular trichomes on the abaxial phyllary epidermis. 
Those hairs are frequent on C. depressus , less so on C. molestus, and much 
rarer on the remaining species of the section. All but C. depressus have 

adaxially located glandular hairs as well. 

Members of section Nauseosi have long, uniseriate, nonglandular trichomes 
on their stems. Phyllaries may have either glandular or nonglandular hairs 
or both. Most taxa of C. parryi have adaxial glandular hairs and abaxial 
nonglandular hairs; C. p. ssp. latior , however, lacks the latter. In C. nauseo- 
sus the “gray forms” (C. n. ssp. albicaidis, C. n. ssp. hololeucus, etc.) have 
nonglandular trichomes exclusively, whereas the “green forms” (C. n. ssp. 
consimilis, C. n. ssp. graveolens , etc.) have only glandular trichomes. 

Flower 

Trichomes. The taxa vary as to kind, size, and quantity of trichomes they 
bear; vesture is tabulated in Table 1 and illustrated in Figs. 13-23. Explana- 

Jr 

tion of symbols in Table 1 is: g, glandular; n, nonglandular; + ~K abundant; 
+ , frequent; — , 

Trichomes may bo found on the achcne, on the corolla tube, and on the tips 



rare. 
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of corolla lobes. The commonest trichome on the achene is the “twin-hair” 
(Zwillingshaarc) . The hairs are four-celled, bisenate, and nonglandular 
(Figs. 13-14); they have thick walls that are anisotropic under polarized light. 
The twin-hairs range from less than 100 to over 700 long and are abundant 
when they are the only type found on the achene. They are much less fre- 
quent and somewhat caducous in C. spathiilatus . 

Truly glabrous achenes, i.e., ontogenetically so, arc found only in certain 
taxa of C. nauseosus (see Table 1). One taxon not listed in the table, C 1 . n. 
var. petrophilus, also has glabrous achenes— the only feature that separates 
it from C. n. ssp. consimilis. Achenes of section Pulchelli are often referred 
to as glabrous. However, excluding C. pule he this , all species have glandular 



; in i 



s, the develop- 





trichomes scattered over the distal half of the achene (Figs, 
tion, a few short twin-hairs usually are present. In C. 
ing ovaries often have nonglandular trichomes. Mature achenes may be 




glabrous (Fig. 6), or a few twin-hairs may persist. Haplopappus bloomeri 
and II. ophitidus also have nearly glabrous achenes. 

An intermediate pattern is found in C. a l Indus and C. humilis. Both have 
abundant twin-hair groups on the achenes, which mask the glandular tri- 
chomes also present (Fig. 31). 






heads on the glandular trichomes (Fig. 18). 




Trichome occurrence on the corolla largely follows sectional lines in Chry- 
sothamnus. Hairs on the corolla tube are relatively abundant in section Nau- 
seosi. The hairs are elongate biscriates, often termed villi (Figs. 17-19); 
both nonglandular and glandular forms may be present. In C. parryi the 

' two categories is nearly lacking due to the narrow 

, a few anisotropic 

uniseriate hairs are present on the corolla tube as in C. nauseosus ssp. affin. 
turbinatus (A 1771). 

Hairs on the corolla tube are infrequent in sections Chrysothamnus and 
Pulchelli , being found only in C. humilis (Fig. 21) and some subspecies of C. 
viscidijlorus and in C. moleslus , respectively. In section Punctati glandular 
hairs are common on the corolla tube (Fig. 22); they are shorter and more 
elavate than the glandular hairs in the Nauseosi. 

The corolla lobes in section Nauseosi often bear trichomes (Table 1). Hall 
and Clements (1923) listed this feature for only three taxa. The usual form 
is a long uniseriate hair that is anisotropic (Fig. 23). Length determinations 



are hampered by hairs breaking when handled; many are over a millimeter 
long. Corolla lobes are glabrous in C. nauseosus ssp. albicauHs over most of 
its range; however, two widely separated populations of this taxon have vil- 
lous corolla lobes. They are from Kane County, Utah (A 1725), and Walla 
Walla County, Washington (E. F. Anderson 2071). Biseriate hairs on corolla 
lobes, when present, are usually glandular and isotropic, but on C. n. ssp. 
affin. turbinatus (A 1778) biseriate nonglandular hairs occur as well as uni- 
seriate ones. The biscriates are similar to the twin-hairs of the achene ex- 
cept they are shorter and isotropic. Glandular trichomes are particularly 
abundant on corolla lobes of II. pyramidatus ('Fable 1). 
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All species have epidermal pappilac, especially at the tips of corolla lobes. 
In some, such as C. parryi ssp. parryi and C. nauseosus ssp. bernardinus, the 
pappilae extend 90 Jt from the epidermis. Many species have lignified epider- 
mal cells at corolla tips that are anisotropic. 

Secretory apparatus. The flowers may contain secretory canals associated 
with vascular tissue in four areas: the ovary wall of the achene, the corolla 
tube from the point of staminal departure to the tips of their lobes, the upper 
part of the style and its branches, and in the anthers. Secretory canals in the 
anthers are found only in some populations of C. parryi ssp. parryi (Fig. 12). 
Abundance of secretory canals in the three other regions of the flower is 
listed in Table 1. Determination of frequency (+ + , abundant; +, frequent; 
— , rare; 0. absent) was made at seven zones (Fig. 24); zones I and II are 
from the achene, III-V from the corolla, and VI and VII from the style. 

Members of Nauseosi have the greatest development of secretory canals, 
whereas canals arc entirely absent in flowers of C. albidus and C. panicu- 
latus. Distribution of canals follows section lines fairly well. Chrysothamnus 
and Pulchelli have no canals in the style (zones VI and VII, Fig. 24). None- 
theless, Punctati, a rather well-defined section from external morphology, 
has discordant species as far as secretory apparatus is concerned. 

Tissue composition. Most taxa from all sections have well developed scle- 
reids representing the seed coat (ovule wall) in the ovary. The sclereids 
have thickened radial and especially outer tangential walls (Figs. 25-28). In 
sections Chrysothamnus and Pulchelli there is a tendency for greater sclcri- 
fication of the ovary wall as seen in clusters of thick-walled cells in achenes 
of C. spathulatus (Fig. 27). The entire ovary wall is sclerosed at maturity 
in C. pulchellus (Fig. 28); achenes of that species also have the thickest 

ovary walls in the genus. 

Ground tissue of the corolla is parenchymatous. In the corolla lobes the 
parenchyma is frequently disrupted near the veins by lacunae. 1 issue thick- 
ness was measured at three points (Fig. 24, levels A-C) and recorded in 
Table 1. Level A is at the corolla base just at the top of the nectaries, level 
B is just above the point of staminal filament departure, and C is just below 
the sinuses of the corolla lobes. Section Pulchelli has the thickest corollas, 

followed by Chrysothamnus. 

Staminal filaments often have protoxylem lacunae. Staminal endotheeium 
is as follows. In the anthers the outer tangential and radial walls of the hy- 
podermis have the characteristic fibrous thickenings. On the abaxial side 
of the connective below the anther and in the sterile appendage above the 
anther, all walls of the hypodermis and the inner walls of the epidermis are 
differentiated as endotheeium. Both surfaces of the anther appendage have 
endotheeium in C. humilis. 

Endothecial thickenings in the anther wall follow the patterns described by 
Dormer (19(12). All three categories, i.e., polarized, radial, and transitional 
tissue, are represented. The polarized tissue has two to three prominent ver- 
tical bars on the faces of each cell wall. Although polarized fibrous thicken- 
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ing.s arc* predominant in the family as a whole, radial tissue with horizontal 
bars is the most abundant in Chrusothummis , and that is the basic 




m 



the Astereae (Dormer, 19(52). 

Cells of the corolla base, and particularly the style base, develop heavy 
secondary walls as the flowers pass anthesis (Fig. 10). That tendency is most 
pronounced in VulchcUi and Chrysothamnus. 

A continuous ring of tissue around the base of the style rise's into five 
prominent nectaries (Fig. 29). They arc' alternate to the stamen positions and 
vary considerably in size' and shape. Size is perhaps best measured in re la- 
lion to (lower size*; that was done by measuring style length up to the base* 
of the style branches. Longest nectaries, by that relationship, are in C. al- 



buhis: they are 4.2% of t he* unbranched style length. Other taxa with large 
nectaries (3.K%) are C. paniculuins (Fig. HO) and C. nausensus ssp. consi mi- 




lls. Most nectaries range from 1.5 
Very small nectaries in the form of 



2.5% of the 



length) are found in C 
subspecies of C. rise 




unbranched style length. 

t ( > 

(less than 1.0% the style 
'css us. C. luolcslus, C. humilis (Fig. 31) and some 






'US. 




nectaries are partially fused with 




style base as in C. parryi (Fig. 32). 



ENVIRONMENTAL EFFECTS ON ANATOMY 

Features studied in original collections were compared with those pro- 
duced in plants in experimental gardens at Logan. Utah, and Claremont, 
California. Relative genetic uniformity was obtained by 





or 



through progeny. Seedlings were considered genetically close to original col- 



lections as the taxa are basically inbreeding 

■ Kt 




'i son, 




Table 2 includes topographic, climatological, and edaphic data for the 
gardens; Table 3, features of the original localities. Climatological data for 
the gardens were obtained at thc> garden sites and reflect climates for one 

in the Claremont garden were irrigated only 
as needed to insure establishment (Claremont precipitation averages 19-20” 

annually). Climatological data for original collection sites are based on 20- 



year prior to harvest; 




year averages; when recording stations were farther than 10 




's from the 



collection site, data arc considered estimates (prefix E in Table 3) for the 
collection sites. 

Environmental extremes between the two gardens were probably sufficient 
to produce the main amplitude of anatomic variation possible for each col- 







n s genotype 







•rences m 




e arc 




noteworthy: 



mean monthly minimums at Claremont were never below 40° F.; whereas 
mean monthly maximums at Logan were near or below freezing for three 

months. 

Floral features are included in Table 4 (same format at Table 1) only for 
collections represented in both gardens; however, additional taxa were used 
in garden studies. Most propagations survived and flowered, but plants of 

the first growing season. 





in the Logan 



garden during 



C. panic 

Vigor in surviving plants was usually reduced when the gardens differed con- 
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siderably from the natural habitat. External morphology varied much more 
than did internal anatomy. The most sensitive floral feature is flower num- 
ber in C. parryi. In the Claremont garden, different plants of C. parryi ssp. 
parryi averaged from five to nine flowers per head. 

Only minor fluctuations occurred in floral anatomy in the gardens, but tri- 

It/ ' 

e homes of C. vaseyi achenes were an exception. The achenes of C. depress us, 
C. moles tus , and C. vaseyi are frequently described as glabrous; however, 
they all have glandular and nonglandular trichomes at the distal end of the 
achene (Table 1). The glandular hairs are readily apparent under a hand 
lens; the less frequent nonglandular hairs were first observed in sectioned 
materials under the microscope. The nonglandular trichomes (twin-hairs) 
became more abundant in the garden propagations of C. vaseyi. In the 
Logan garden, they equalled the glandular hairs in frequency and completely 
covered the achenes in the Claremont garden. 



ANATOMY OF HYBRIDS 

Hybridization in Chrysothamnus is infrequent. In the absence of gross 
chromosomal irregularities in meiosis in presumed hybrids (Anderson, 1966). 
anatomic comparisons are valuable in determining hybridity. Such compari- 
sons have been made for C. bolanderi (Anderson and Reveal, 1966). 

Putative hybrids between C. parryi ssp. parryi and C. nauseosus ssp. n a ri- 
se osus were recorded earlier (Anderson, 1966); features of Iheir floral ana- 
tomy are listed in Table 5 (format that of Table 1). In addition, glandular 
trichomes on the corolla lobes were most abundant in C. parryi ssp. parryi , 
intermediate in frequency in the hybrids, and least abundant in C. nauseosus 
ssp. nauseosus. The hybrids were also intermediate in nectary size; C. nau- 
seosus had the largest, and C. parryi the smallest. 

Involucral bract structure and alignment suggest the type collection of C. 
nauseosus ssp. viscosus ( Munz 12689, RSA) is an intergeneric cross between 
some population of C. nauseosus and a species of Haplopappus. Flower num- 
ber (Table 1) reinforces the probability of hybridity. 

An intersectional hybrid was obtained in the Claremont garden. Seed from 
C. albidus produced a plant with pannose tomentum characteristic of stems 
of C. nauseosus ; flower color (pale lemon yellow) was intermediate between 
the putative parents. Several floral features in that propagation, but absent 
in C. albidus, point to hybridity: secretory canals in the achenes, absence 
of glandular trichomes on the achenes, and trichomes on the corolla tube. 



TERATO LOGICAL ANATOMY 

Normal and abnormal flowers are not mutually exclusive categories. De- 
termining teratisms is largely subjective. Further, use of tcratism in phy- 
logenetic studies is widely debated (Takhtajan, 1954). Nevertheless, the in- 
tensive' nature of this study enables a better determination of the extent and 
significance of anatomic teratologies. 

Frequency of certain teratological types are listed in Table 6; more than 
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one type can occur in the same head. Additional types are discussed in the 
text, and some are illustrated in Figs. 33-37. Six-merous flowers and flowers 
with additional corolla vasculature (midveins) are the most frequent forms. 
Unfused lateral veins in the corolla (Fig. 155) are restricted to Nauseosi. Ter- 
atisms vary in degree of occurrence. In A 2714 (Fig. 34). every flower of 
four heads sectioned has midveins, whereas only one abnormal flower was 

t J> 

found in A 1606 (Figs. 3(1-37) in the two heads sectioned. 

Heads with one or more flowers positioned among the involucral bracts in 
addition to the normally-positioned central group occur in some populations 




of C. linijolius (.4 920 , A 1860). An extreme case (Fig. 33) has four such 



^ ^ I. ; ■ It i m a I in anatomy as well as position. Some have free 
floral parts that are normally fused in composites: others have abnormal 
fusions, such as stamens with the style. The flowers produced in the usual 
position inside the bracts arc norm; 

Flowers of A 2714 (C. viscidijlorus ssp. visariiflorus ), in addition to 10 veins 
in the corolla tube, have unusual growths inside the corolla tube opposite the 
extra veins (Fig. 34). They are possibly staminodes. Such structures wo re 
•seen in one or two flowers of other taxa; in A 2714, they appear in all flowers. 
Secretory canals are associated with the extra vasculature, but not with the 
normally-positioned five bundles (Fig. 34). Those secretory canals extend 
down the corolla tube well below the point of stamina! departure, which is 
much greater distribution than normal (see Fig. 24, zone 111 ). 

One flower of A 1606 (('. hinnilis) has two ovules, and in addition to the 
outer row of ovarian bundles associated with the corolla vasculature, there 
is an inner, strictly gynoecial bundle (Fig. 3(1). That inner bundle enters the 
trifid style; a total of six bundles enter the style base (Fig. 37). 



DISCUSSION 



To properly evaluate morphological features for use in biosystematies. 
one must first determine the relative stability of those features. That may 

i. 

bo accomplished by garden studies. Uniform gardens allow comparison of 
behavior of plants with different heredity in the same environment; growth 



of the plants in varied environments permits observation of the interplay be- 



tween heredity and environment. The work 




Clausen, Keck, and Hiesev 



(1940) is a classic in that field; however, to my knowledge, the technique has 
not been extensively applied to anatomic studies. 

Gardens used in this study presented greater environmental extremes than 
most taxa encounter in nature (Table 2); therefore, anatomic variation found 
in the gardens likely is greater than that found in natural populations. It 
follows, then, that features that remain constant, or relatively so, in the 
three environments (Table 4) can be validly used for taxonomic comparisons. 
Stability o internal structures is generally conceded to be greater than 

— i-* II ' l_ F 

that in features of external morphology. The concept is upheld in this study. 
Tissue composition, vasculature, and particularly the amount and distribu- 
tion of secretory canals are extremely constant. The greatest variability is 
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found in achenial trichomes of C. vaseyi. Here the variation is quantitative 
rather than qualitative. The increase in twin-hairs was so great in the Clare- 
mont garden that it completely masked the glandular achenes. Both gardens 
were outside the natural range of C. vaseyi. Apparently differing environ- 
ments enhanced different expressions of the genotype. 

The close genetic control of features of floral anatomy permits use of the 
data at all taxonomic levels to help determine distinctiveness of taxa and 

to determine phylogenetic relationships. 



Taxonomy 

Subspecies. Data from floral anatomy support current taxonomic inter- 
pretations in many cases; however, two notable exceptions are discussed 



■ies for C. pulcheUus 




th< 



here. Hall and Clements (1923) described three s 
Floral anatomy of that species varies sufficiently to imply subspecies, but the 
patterns of variability do not coincide with the subspecies of Hall and Cle- 
ments. Study of the problem is continuing. 

Perhaps the greatest value of data from floral anatomy at this level is 
clarification of the infraspecific relationships in C. parryi. Hall and Clements 
(1923) list 10 subspecies. Their and my concepts of phylogeny are reproduced 
in Fig. 38, left and right, respectively. Floral anatomy contributed to my 
concept. Hall and Clements (1923. pp. 203-206) describe two major divisions 
of C. parryi: 1.) the primitive stock that developed into ssp. parryi in the 
Rocky Mountains and ssp. bolanderi, laliur, and iviulus in the Sierra Nevada; 
2.) the second division composed of two "apparently nautral groups ’ 
asper line and the hoivardii line. Closeness of subspecies in their phylogenetic 

chart is considered to reflect genetic relationship. 

Several major differences between the two schemes (Fig. 38) are apparent. 
The hybrid. C. bolanderi, is not included in my concept as its origin does not 
involve taxa of C. parryi (Anderson and Reveal, 1966). Hall and Clements 
considered ssp. afjinis as a minor variation of ssp. attenuatus; a 
appropriately allied with ssp. parryi as absence of corolla lobe trichomes in- 
dicates (Table 1). The asper line 1 of Hall and Clements is unnatural, and ssp. 
imlcanicus is considered much less specialized than they suggested. The 
four undescribed taxa of the C. parryi complex listed in Table 1 are very 
specialized populations, more so than any shown in Fig. 38. 

jcies. Several species have been placed in C. viscidiflorus ; C. molestus 




is is more 




(Blake, 1940) and C. spathulatus (as ludens; Shinners, 1964) have been con- 
sidered varieties of C. viscidiflorus, and C. humilis and C. linifolius, as sub- 



species (Hall and Clements, 1923). 

Chrysothamnus molestus is very distinct from C. viscidiflorus and belongs 
to a different section of the genus. The closely related C. spathulatus and 
C. linifolius differ from C. viscidiflorus in that the first species has nearly 
g’abrous achenes, fewer secretory canals, and, occasionally, ray flowers, 
and the second has more flowers per head and more vasculature and secre- 
tory canals in the inflorescence. Achenes of C. humilis have a distinctive tri- 
chome complement (Table 1), and heads have fewer flowers. Other disting- 



uishing feature's of these taxa have been enumerated (Anderson, 1964). On 
the other hand, floral anatomy does not support the distinctness of C. axillaris 
(Keck, 1958) as a separate species; it varies only slightly from C. viscidi- 
Jlorus ssp. stenophyllus. 



Section. Of the four sections of C 
strikingly delineated by floral anatomy. 





mnus, PulcheUi is the most 

in trichomes and floral 



ontogeny. Nauseosi is characterized by presence of stylar secretory canals 
and usually has trichomes on the corolla tube. Sections Chrysothamnus and 
PulcheUi lack stylar secretory canals and have trichomes on the corolla 
tubes in only a few taxa. Involucral structure and trichomes are uniform and 




e in Punelati ; however, its species are very dissimilar in secretory 




canal distribution. 

Conus. Many students of Compositae agree i'hrysothamnus is closely re- 
lated to and possibly derived from Ilaplopappus, but views vary as to the 
closest point of relationship. Hall and Clements (1923) propose a close i 
between C. paniculatus and II. sonnriensis of section Ericameria. Others 
(dray, 1873; Greene, 1895) suggest C. parryi is most primitive and close to 
H. macronema of section Macvonema 

Ch rysothamnus paniculatus and Ilaplopappus sonoriensis differ conspicu- 
ously in floral anatomy in that II. sonoriensis and other taxa of section Eri- 
cameria have well developed secretory canals in the achenes and corollas 



(except II. 




.s', which is anomalous in other ways). Further, H 



sonoriensis has glandular trichomes on the involucral bracts that are termi- 
nated by a long thickwalled, finger-like cell. That kind of trichome is present 
on the receptacle of //. laricijolius (A 3031 S) but absent in all Chrysoihamni. 

Secretory canal distribution and trichome patterns are similar in C. parryi 
and II. macronema. That, coupled with details of the biology of C. bolanderi 



(Anderson and Reveal, 1966), suggest the C. parryi — II. macronema connect 
iug point between the 1 two genera is the close 



s e r . 



Phytogeny 

Determination of evolutionary trends in the genus can be made bv com- 

^ - % 

paring floral anatomy of Chrysothamnus to that or other Compositae and by 
comparing it with data on Chrysothamnus from such other areas as mor- 
phology and cvto’ogy. 

Col ( 1904) found an evolutionary trend in the secretory apparatus of Com- 
positae. Less specialized taxa have more secretory canals than do the more 
advanced taxa. In Chrysothamnus. C. parryi ssp. parryi and ssp. nilcanicus 
(Table 1) have the most floral secretory canals; C. al Indus and C. paniculatus 
have the least (present only in tin* involucre). 

Several writers (Babcock, 1947; Do Jong, 1965; Koch, 1930; Stebbins. 1940) 
have noted that more vascular strands in the achenes represent a primitive 
feature' in various Compositae. In C'hrysothamnus. several subspecies of C 
parryi and a few of C. nauseosus consistently have more ovarian vascular 
bundles than do other taxa. 



The most primitive composite flowers have 15 veins in the corolla, one mid- 
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vein and two laterals per member of the 5-merous flower (Carlquist, 1961). 
Phylogenetic trends include loss of the midvein and fusion of adjacent lat- 
erals to produce a 5-veined corolla. Floral teratologies (Table 6) are instruc- 
tive if they reflect phytogeny, either as atavisms or vestiges. Greater vascu- 
larization is indicated by unfused laterals and extra corolla veins (midveins); 
tristyly and 6-merous flowers might relate to extra vascularization in those 
parts. Nauseosi , particularly C. parryi , has the greatest amount of these 
combined teratisms. Since evolutionary trends adduced from floral aberra- 
tions are positively correlated with those from other areas, their use seems 
acceptable for Chrysothavimis. Similarly, the 4-merous flower as in C. vis- 
cidiflorus and C. humilis might reflect a continuing trend of reduction and 

'W 

specialization. 

A correlation between amounts of vascularization and secretory canals is 
probable; it is definitely suggested in tcratological forms. Corollas of C. vis- 
cidiflorus normally lack secretory canals, but in A 2714 they are present 
along the extra (midvein) bundles (Fig. 34) and extend down the corolla 

tube past the point of staminal insertion. 

Cronquist, in reviewing phytogeny in Compositae (1955), suggested several 
features as being primitive in the family. The following are appropriate to 
the discussion here: heads few, each with many flowers; involucres leafy, 
several seriate; and rays present, pistillate, fertile. In Chrysothamnus, the 
first two features apply best to C. pcirryi ssp. parryi, The inflorescence has 
fewer heads than in most taxa; each head contains 10- — 20 flowers, and the 
phyllaries are more herbaceous and leaf-like than in any other taxa. Ray 
flowers are found occasionally only in C. spathulatus ; however, that Com- 
positae probably lacked ray flowers primitively (Carlquist, 1961) does not 
alter the apparent primitive position of C. parryi ssp. parryi. Data from cy- 
tology support that position (Anderson, 1969); Chrysothamnus parryi ssp. 
parryi has the least specialized karyotype known to the genus. 
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Fins. 



1 — 4. Floral ontogeny in C. pulcheUus (A 2 590). Fig. 1. Lo 
of head 5 mm long showing three flower primordia and extensive 
vclopment. Fig. 2. Portion of head H mm long 
with corolla and pappus differentiated. Fig. 3. 
showing extensive pappus and initial deve 
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act de- 




t w o 
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/ mm 
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of androecium and ovule. 
Fig. 4. Portion of head 11 mm long with flower undergoing meiosis in mega- 
sporc mother cell. Figs. 1, 4, X 30. Figs. 2-3, X 115. 





















Figs. 5 — 7. Transactions of heads through the achenes. Fig. 5. C. parryi 

ssp. parryi ( A 26SI ), each achone with 10 vascular bundles and bracts with 

3; inner bracts completely devoid of selerenehyma. Fig. (5. Glabrous achenes 

of pulchellus (/I 2995) with 5-(> bundles; note strong alignment of involueral 

bracts. Fig. 7. C. paniculatus (A 1931), achenes with 5-0 bundles. Figs. 5—7, 
:57. 
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Fig. 8. Diagrammatic patterns of ovarian vasculature and transition to co- 
rolla, stamens, and style. Fig. 8a-8e. Disc flowers. Numbers represent ovari- 
an vascular bundles; encircled numbers are those that divide to supply the 
corolla and androecium, and solid lines indicate the ovarian bundles that sup- 
ply traces to the style. Fig. 8f. Ray flower; broken circles represent ovarian 
bundles that continue into corolla (androecium absent). 
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Figs. 9 — 12. Flower transeetions. Fig. 9. Transition region at top of aehene 
of (’. miuscosus ssp. albicaulis (A 2033) with ring of pappus, live bundles of 
the corolla base, ; 





• at the style base. Fig. 10. (lcj)ressus ( A 993), 
cells of corolla and style base with heavy secondary walls. Fig. 11. Ray and 





'Cl'S of ( 




at us (A 3209) 




lacking secretory canals. Fig. 12. 



C. parryi ssp. parryi (/I 2(iX 1 ) , secretory canals present in corolla lobes, an- 
thers, and style branches. Figs. 9 — 12, X 










Figs. 13 — 23. Trichomes. Figs. 13 — 14, twin-hairs of achenes; Figs. 15 — 16, 
glandular hairs of achenes; Figs. 17 — 19, villi of corolla tubes; Figs. 20 — 22, 
glandular hairs of corolla tubes; Fig. 23, shag-hair of corolla lobe. Fig. 13. 
C. viscidiflorus ssp. stenophyllus (A 1746). Figs. 14 — 15. C. vaseyi (A 936 and 
A 1002 , respectively). Fig. 16. C. molestus (A 3148). Figs. 17—18. C. parryi 
ssp. asper (A 1919 and A 2043, respectively). Fig. 19. C. nauseosus ssp. albi- 
caulis (A 2001). Fig. 20. C. viscidiflorus ssp. lanceolatus (A 2735). Fig. 21. 
C. humilis (A 2950). Fig. 22. C. paniculatus (A 1925). Fig. 23. C. parryi ssp. 
nevadensis (A 2952). 







Fig. 24. Diagrammatic flower with stamens removed. Fine lines represent 
vasculature; broken lines, maximum secretory canal distribution. Roman 
numerals indicate zones to determine secretory canal abundance; see head- 
ings in Table 1. Letters A, B, and C are levels of corolla used to determine 
thickness (cell number) for Table 1. 





Figs. 25 — 28. Transactions of nearly mature achenes (cypselas). Fig. 25. C 
parryi ssp. parriji (A 1973), note prominent sclereids of ovule wall. Fig. 




2 15 







C. nauseosus ssp. albicaulis (A 1773). Fig. 27. C. spat hulatus (A 
re ids of ovule wall less prominent, packets of sclerenchyma in ovary wall 
Fig. 28. C. pulchellus (A 3056), most of ovary wall heavily sclerosed. Figs 



25—28, X 96 














Fius. 29 — 32 




'Ctaries. Fig. 29. Transection at corolla base of C. nauseas us 
ss]). cunsimilis (/I 1921 ) showing five peaks of nectary ring around base of 
style. Fig. 30. Longisection of ( 




, glandular trichomcs 




(A 




Fig. 31. C 





s on achene. Fig. 32. 



C. pa niii ssp. vulcanic us (A 2035), note vascular trace to base of pappus in 
addition to those going to corolla and style. Fig. 29. X 105. Figs. 30—31, X 140. 
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Figs. 33 — 37. Teratological forms. 




with four abnormal flowers positioned among 



Head of C. linifolius (A I860) 
the phyllaries outside the cen- 



tral cluster of six. Fig. 



34. Corolla transactions of C 







jlorus (A 27 14) with live additional bundles (midveins) in the tube; secretory 




canals and abnormal growths 

tional bundles. Fig. 35. Corolla tube of C. nauseosus ssp. s 
with unfused lateral bundles in upper right-hand corner. Fig. 36. 



are associated with the addi- 

s (A 977) 





ovary of C. humilis (A 1606 ) with two ovules and a gynoecial bundle in the 
ridge of the ovule wall. Fig. 37. Corolla tube of same flower (A 1606) showing 
base of trifld style with six bundles; the central one is the gynoecial bundle 



of the achene in Fig. 36. Fig. 33, X 40. Figs. 34 — 37, X 145. 
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Fig. 38. Comparison of schemes on the infraspecific relationships in the (' 
party i complex. Left— redrawn from Hall and Clements (1923) to illustrate 
their concept of phytogeny in the group. Right— my concept, based largeh 
on data from floral anatomy; vertical spacing reflects degree of phylogenetic 



TABLE 1. SELECTED FEATURES OF FLORAL ANATOMY IN CHRYSOTHAMNUS AND RELATED HAPLOPAPPUS 
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parry i ssp, affinis 

A2465, A2771 




5.0 
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(undescribed ? ) 

A 1 726, A1782 
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ssp. nevadensis 
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7- 10 2 110 0 

5-8 0 0 4 1 0 

5-0 0 0 0 0 4 

5-9 0 0 1 1 0 

8 - 10 10000 0 

8-11 2 0 0 0 0 + 

5-9 0 0 1 0 1 

8-10 2 0 0 0 0 0 

5-6 0 0 0 0 1 0 

8-11 2 4 4 2 0 + + 



+ 


0 


4" 4* 


4-4- 




4~ 4- 
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4- 4- 
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g 
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4- 
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g 

n 


-h 


224 
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g 

n 
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+ 


— - 
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4- 


0 


+ 


n 


+ + 


504 


g 


4-4- 


181 


+ 


0 


4-4- 


4- 


0 


4- 4- 


n 


4-4- 


525 


O' 

n 




118 

358 


++ 


— 


4 — 


+ 


— 


4“ 


n 


4- + 


358 


g 


4- + 


177 


+ 


0 


4- 


0 


0 


4- 


n 


4 — 


410 


n 


4- 


287 


+ + 


— 


+ + 


+ 4- 


— 


4-4- 


n 


+ + 


571 


cr 

6 


4- 


188 


4~ 


+ 


4- 4- 


4- 


0 


— 


n 


+ + 


448 


g 

n 


4- 


145 

314 


~h 


4" 4- 


4-4* 


4-4- 


4- 


4-4- 


n 


+ + 


627 


Or 

to 

n 


+ 4- 
-b 


286 

53S 


+ 


+ 


4*4- 


+ 4- 


0 




n 


4~ 4- 


548 


g 


4 — 


150 


+ 4- 


4- 


4-4- 


4-4- 


+ 4- 


4-4- 


n 


+ + 


488 


or 

rt 


4- + 


225 



7 5 2 

7 5 2 

n - 800 8 5 2 

n + 530 8 5 2 

n - 480 7 5 2 

n ++ 900 8 5 3 

n +- 1- 750 7 5 2 

n - 92 8 5 2 

n — 490 7 5 2 

n “I — b 11 CHI i 5 2 

7 5 2 

7 5 2 



Table 1. (continued — 2 ) 



taxon and collections 


i 

4 


oca rian 
bundle 
nu in her 


frequency 
of i ascular 

m 

patterns 

seen 


acoene 






ace , 


rg- \ 


a b c d 


e 


1 


II 


< undescribed ? i 

A 1 024 


6.5 


5 . 3 


5-7 


0 0 1 0 


') 







ssp. vulcanjcus 

A 1 9 1 3 , A 2035 


5.7 


9.6 


9-10 


2 0 0 0 


( > 


44 


4 ““ 


nauseosus ssp. albicaulis 

A 1028 f A 1 629 , A1644, A1773. 
A 2 00 1 r A2026. A2927 


5. f ► 


5.6 


5)* ( 


0 0 0 (J 


1 1 


- — 


4 


ssp. bernardinus 

A 1 9 1 6 t A2041 


5 J ) 


8.0 


6-9 


0 0 3 o 


i \ 


— 


- L - 
\ 


ssp. b'igeluvii 
A i860, A2432, A3051 


5.0 


5.7 


5-6 


0 0 0 0 


1 


■ — 


4 


ssp. ceruminosus 
A 1934. A 1 939 


5.0 


r> k * 


o-6 


o 0 1 1 


* ) 


■ — - 


4 


ssp. cunsimilis 

A 1 570, A 1 623 , A1027. A1832, 
A 1 92 1 , A2470 


5.0 


5.1 1 


5 


0 0 0 0 


12 


— 


4 


ssp. graveolens 

A 1 799, A 2422 , A2513, A2720. 
A3012, A2999 


5 . { ) 


6.0 


5-8 


0 0 1 0 


■ } 
■ J 




I 

4 


ssp. hololeucus 

A 1 600, A 1 91 8 . A 1 942 


5.0 


5.8 


5-7 


0 0 2 o 


3 


— . 


44 


ssp. junceus 

A 1 696, A 1 748 


5.0 


5. 1 


5-6 


0 0 0 o 


1 


— - 


} ^ 


ssp. latisquameus 

A3042, A 3048 


5 . 0 


5.0 


5 


0 0 0 0 


*J 
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Table 1. (continued — 3) 



■ ■ M" 1 Iw— ^ !■ 


l 

m 




frequency 








ovarian 


of vascular 








handle 


patterns 




taxon and collections 


- ^ 

% 


n u m he r 


see n 


ach 




X_i 


air. rg. 


a h c d e 


1 



Munz 12689 (RSA> 



ssp. leiospermus 

A 866 , A 1 995, A2011 


5.0 


5.2 


5-7 


(undescribed 7 ) 

A 1 739, A 1 752, A1753 


5 . 0 


5.4 


5-7 


ssp. mohavensLs 

A 1 686 , A 1932 


5.0 


5.2 


b-6 


ssp. nanus 

Cronquist & Preece 6312, 
Yates 2 


5 . 0 


5.0 


5 


ssp. nauseosus 

A2578. A2707 


5 . 0 


5.0 


5 


ssp. psilocarpus 

A 1 53 1 , A2070. A2886 


5. 0 


5.8 


5-6 


ssp. salicifolius 
A977 r A 1009 


5.0 


U ^ 

4 


5-8 


ssp. turbinatus 

A884, A1729, A2530 


5 , 0 


5. 3 


5-7 


1 undescribed > 
A1771, A1778 


5.0 


10.4 


10-1 


< undescribed i 
A1756, A1849 


5.5 


1 1 . 2 


1 0- 1 


ssn. viscosus 


8.0 


5 . 0 


5 



0 0 0 0 1 



7 0 0 0 0 1 



0 0 0 0 1 



0 0 0 0 1 



5-6 0 0 2 0 1 



0 0 2 0 1 



0 0 10 3 



0 0 0 0 1 
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Table 1. (continued — 4) 



taxon and collections 


■- 

* ^ 

— 1 


oi a nan 
bund tc 
number 


t rcquency 

of i ascular 

patterns 

seen 


ach 


'Cite 






are. 


>73 


a b c d e 


/ 


II 


CHRYSOTHAMNUS 














C. linifolius 

A 1 487, A 1 860, A2500. 
A 2 702, A2738 


5.5 


8.6 


6-3 1 1 


3 7 1 Go 


■ — - 


-f 


C. spat hula tus 

A2052, A 3008, A3022, A3209 


5. < i 


6.2 


5-9 


0 0 1 4 2 


0 


— — 


(\ albidus 

A853, A 1 586. A2963 


5.0 


7.1 


5- 1 ( > 


0 0 0 2 0 


o 


0 


C. greenei 

A878, A 1838, A2433 


4.5 


5.8 


Ate- — ■ 

0- f 


0 0 10 6 


0 


— - 


C. visciiliflorus ssp. elegans 
A1569. A1983, A2885 


4.0 


6.9 5 


-7.10 


1 0 1 0 3 


0 


— 


ssp. Ianceolatus 

A 1 5 6 3 , A2473, A2717, A2737, 
A2757, A2888 


4.3 


6.0 


5-8 


0 0 5 o 3 


o 


-L 

T 


ssp. latifnlius 

A 1 61 1 , A 1 6 1 4 


7.0 


6. 4 


5-9 


0 o 3 0 1 


o 


— 


ssp. planifolius 
A 1 853, A2094 


4.4 


7.2 


6-10 


0 0 4 o 0 


0 


— 


ssp, pu be ruins 

A 1 96 1 , A2005 ,A2017 


5 . 0 


6.1 


5-S 


0 0 0 2 2 


o 


4~ 


< undescribed ? i 

A1935. A1936, A2055 


5.0 


5.0 
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0 0 0 0 4 


0 
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Table 1. (continued — 5) 



taxon and collections 



ssp. pumilus 
A2692. A270 1 , A2730 

ssp, stennphyllus 
A 1 746, A2087, A2737, 

Reveal 898, Reveal 1030 

ssp. viscid iflorus 

A 1 701 , A 1 922 , A2004, A2669, 
A27 1 4 , A2756, A2944 

C. humilis 

A1606, A2950, Sonae in 1805 
PULCHELLI 
C. vasevi 

A936, A 1002, A2743 

C. molest us 

A 1840, A3 1 48 

C. depressus 

A935 , A21 47, A2515, 

A2676, A2909 

C. pulchellus 

A 1 764, A2590, A2995, A3054. 
A3055 , A3213 

PUNCTATI 
C. teretifolius 

A 1 930, A 1 943 , Reveal 64-13 



Z frequency 

2 ovarian of vascular 
^ . bundle gaffer ns 

number seen achene 

4 5 avc. rg. a b c J e 1 II 



4.3 6.2 5-8 


0 0 2 1 1 


0 


4~ 


4.3 5.7 5-8 


0 0 0 2 3 




+ 



5.0 0.5 5-8 0 0 6 1 3 ~ + 



3,0 6.1 5-8 0 0 2 0 -I 0 



5 . 4 
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5-10 0 0 3 


1 


3 


0 + 
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6-9 


0 0 2 


r > 
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4 r + — 


5.0 
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5.0 o ,8 




h 



acnenc 



f r i c b o fu e s 

corolla 

tube 






SJi 

n 






corolla 

lobe 









cot 



oil a 




v. 



ness 



ABC 






8 6 



M 

O 




0 0 n + + 324 



8 6 






8 6 








cr 





1 ( >5 
1 90 






+ + 4 





0 


0 


CT 


4“ 


69 












n 


■ "■ 


120 


— 


4~ 


- + 


0 


0 


f y 


+ 


95 


0 


++ 


+ 


0 


0 


cr 

H 


4- 


1 0 ( ) 












n 




72 


0 


+ 


4~ 


0 


0 


n 


— — 


213 



9 7 3 

g + 85 10 7 3 

12 5 2 

S 6 2 









4^ 

CO 

CJt 



Table 1. (continued — 6) 



taxon and collections 


■ 

B _ 

~c Jr 


oi avian 
bn ndlc 

nil mber 


& 

t requeues 
o} i ascular 

4 

patterns 

seen 


aci 


bene 






a i r. 




a b c d c 


I 


11 




C. paniculatus 

A 1 371 , A 1 925 , A1931 


6.S 


n.S 


5-S 


0 0 4 1 1 


0 


0 


MACRONEMA 
< HAPLOPAPPUS ' 














H. bloomeri 
A2943 


6.0 


5.2 


5-6 


0 0 0 0 2 


— 


4- 


H. macronema 

A2540, A2922 


20.0 


6.1 


5-7 


o o 1 0 1 


+4- 


+ 4 


IT. ophitidus 
A2935 


4 . 0 


5 . 2 


5-6 


0 0 0 0 1 


0 


— — 


ERICAMERIA 
i HAPLGPAPPL'S i 














IF. propinquus 

Moran 8495. 

Raven 16802 < RSA i 


10.0 


i) ‘7 

1 " ■ m r 


7-10 


1 0 0 0 0 


4- 4 


+ + 


H. pyramidatus 

Smith 371 (POM > 


11.0 


2.0 


9 


0 o 0 0 0 


0 


0 


H. sonoriensis 
Moran 8564 


6.0 


6.0 


6 


0 0 2 2 0 


4 4" 
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TABLE 2. ENVIRONMENTAL DATA FOR EXPERIMENTAL GARDENS 



Temperatures, mean monthly maximum s 



and minimums, for one year prior to harvest. 




Oct Nov Dec Jan Feb Ma 



El ci (i - M can ton 
Garden Latitude tion peratnre 

Logan 4t° 46’ 48 5 0 42.5 F 



Claremont 34" 04 f 13 50 63.1 F 




0--* Claremont 

© — Logan 



Apr 


May 


Ji.n In Aug Sep 


Precip- 

itation 


Soil 

pit 


Soil description 


12.3" 


7.7 


strongly calcareous grav- 
elly loam (Green Canyon 
series) ; substrate loose, 
gravelly sandy loam or 
1 o a m y s a n d 


6.6" 


7 .4 


very fine clay loam (San 
Jose series) ; substrate 
very tight hard pan and 
rocky clay 



TABLE 3. ENV IRONMENTAL DATA FROM ORIGINAL COLLECTION SITES FOR PLANTS USED IN GARDEN STUDIES 



Taxon 



Locality & Collection 



Latit ucle 



Elevation, 

feet 



Ave. Annual Ave. Annual 
Temperature , Precipitation, 
degrees, F. inches 



C. parryi 



ssp. attenuatus 
ssp. parryi 
(undescribed ?) 

C. nauseosus 

ssp. albicaulis 
ssp. consimilis 

C. greenei 

C. viscidiflorus 

ssp. viscidiflorus 

C. humilis 

C. vaseyi 

C. depressus 



Wasatch Co., Utah. A988 
Kane Co.. Utah, A 1679 
Clark Co., Idaho, A1024 


39° 56' 
37° 29' 
44° 28' 


Lake Co., Oregon, A 1629 
Elko Co.. Nev., A1570 


42° 45' 
41° 04' 


Millard Co., Utah, A 8 78 


38° 51' 


Coconino Co., Ariz., A17QI 


36° 41' 


Humboldt Co.. Nev.. A1606 


41° 53' 


Garfield Co., Utah, A936 


37= 42' 


Garfield Co., Utah, A935 


37° 42' 



7450 


39.0 


15.9 


7000 


45.3 


16.1 


9500 


E35.0 


E19.4 


4300 


48.0 


10.1 


5350 


42.8 


10.3 


5350 


50.7 


7.0 


6100 


52.5 


7.8 


5700 


E44.4 


E6.8 


8400 


E40.2 


13.7 


8400 


E40.2 


13.7 



E = estimated 



TABLE 4. FLORAL ANATOMY OF CHRYSOTHAMNUS 

THREE DIFFERENT ENVIRONMENTS 



taxon and collect ions 
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t und escribed ? > 
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POPULATIONS GROWN IN 
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Table 4. (continued — 3) 
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